The Marshall computed tomography (CT) system for classification of traumatic brain injury (TBI) includes the most important independent prognostic variables except for traumatic subarachnoid hemorrhage (tSAH). Objectives: To evaluate the prognostic effect of tSAH on different injury types based on the Marshall CT system. Methods: We performed a retrospective study. All patients with severe closed head injury admitted from February 2011 to July 2012 were included. Their scans were classified into two groups: localized injury and diffuse injury using the Marshall classification. Outcomes were compared between patients with tSAH and those without tSAH among the two groups. Results: Ninety-six patients were included in this study. Seventy-two (75%) were found to have tSAH, and outcomes significantly negatively correlated with tSAH in both localized injury and diffused injury groups. Conclusions: tSAH had an important effect on the patients' outcome. Although the Marshall classification includes important independent prognostic variables, tSAH should also be added.
Brief communication (Original)
The Marshall computed tomography (CT) system is the most widely used neuroimaging classification system for traumatic brain injury (TBI). It uses important independent prognostic variables based on CT scan findings; including the state of the cisterna ambiens, midline shift, and the presence of local lesions, to categorize patients into six different groups ( Table 1 ) [1] . However, traumatic subarachnoid hemorrhage (tSAH), which is believed to be another important independent prognostic variable, is not included in this system. tSAH is common in patients with severe traumatic brain injury (TBI). The incidence of tSAH based on CT findings is 23%-63% [2] . Moreover, many studies have demonstrated that it is also a strong independent prognostic variable in TBI, which should be added to the Marshall system. We performed this study to evaluate the effect of tSAH on patients' outcomes, and to determine whether the Marshall CT classification should include this variable.
Materials and methods

Design
A retrospective study was performed at the First Affiliated Hospital, College of Medicine, Zhejiang University. This study was reviewed and approved by the Ethics in Biomedical Research Committee of Zhejiang University. Patients with severe closed head injury, admitted between February 2011 and July 2012, were included. All patients or their families gave informed consent. Severe head injury was defined as a Glasgow Coma Scale (GCS) of ≤8 requiring emergency resuscitation [3] . The Marshall CT system classification was based on a CT scan performed within the first 24 hours after trauma. If there were two or more CT images during this time, the assessment was based on the image that was believed to be more ominous. Patients with associated severe trauma of other organs or who did not have a CT scan taken within the first 24 hours after trauma were excluded.
Data collected from medical records included patients' demographics, cause and nature of injury and in-hospital treatment. Outcome was assessed using the Glasgow Outcome Scale (GOS) at 6 months after injury [4] . To compare the outcome between different patient groups, we defined GOS scores 1, 2, and 3 as poor outcome, and GOS scores 4 and 5 as good outcome.
All initial CT scans were independently evaluated by four observers using the Marshall system and assessed for tSAH based on CT image. Labels on all CT images were covered with a cardboard to blind observers to the date, name, age, and sex. Patients were grouped according to the analysis of CT images and placed in two groups: localized injury and diffuse injury based on the Marshall system.
The research team developed a data sheet, listing relevant descriptors and treatment variables, and used this for review of charts for information regarding TBI.
Statistical analysis
We compared patients with tSAH and those without tSAH to determine the impact of tSAH on outcomes between these patients. Differences between the two groups were compared using independent Student t tests for continuous variables, and a Pearson chi-square test or Fisher exact test for ranked variables. Data are presented as mean ± standard deviation and were analyzed using SPSS version 13.0 for Windows (SPSS Inc, Chicago, IL, USA). P < 0.05 were considered statistically significant.
Results
Ninety-six patients were included in this study. Seventy-two patients (75%) had tSAH based on CT images. Among them, eight (8%) patients had traumatic intraventricular hemorrhages (tIVH) ( Table 2) .
According to their GOS score 6 months after head trauma, 18 patients (19%) had good recoveries.
Among them, eight patients had tSAH. Thirteen patients (14%) had an outcome with moderate disability and, among them, eight patients had tSAH. Nineteen patients (20%) had severe disability and among them 16 patients had tSAH. Twelve patients (13%) were in a vegetative state and among them nine patients had tSAH. Thirty-four patients died and among them, 31 patients had tSAH. Among the eight patients with tIVH, there were three patients who died, three patients in a vegetative state and another two patients with severe disability.
Furthermore, among the patients with tSAH only 16 patients had good outcomes and the number of patients having good outcomes was 22% (16/72) . This is in contrast to 63% (15/24) among the patients without tSAH. There was significantly negative correlation with tSAH (P < 0.05, Table 3 ).
We also analyzed the influence of tSAH in patients with different injury types based on the Marshall CT system. There were 64 patients with localized injury and 32 with diffuse injury. In the group with localized injury, 29 patients had died, and 21 patients lived in vegetative state or with severe disability. The remaining 14 patients had good outcomes and the patients without tSAH had better outcomes (53%, 8/15) than those with tSAH (12%, 6/49) with statistically significant differences. Among the group with diffuse injury, 5 patients had died and 10 patients lived in a vegetative state or with severe disability. The remaining 17 patients had good outcomes. In this group, patients without tSAH also had better outcomes (78%, 7/9) than those with tSAH (44%, 10/23), but without statistical differences ( Table 4) . There were no differences in the GCS scores of the patients at admission, age, or sex, between the two groups ( Table 5) . 
Discussion
Severe TBI carries high mortality and disability. In previous studies, the mortality was between 28.1% and 44%, and in our series it was 35%.
It was reported that 23%-63% of patients with severe TBI had tSAH discovered on CT [2] . In our series, the incidence of tSAH was 75%, which is higher than in previous reports. Patients with subdural hematoma or cerebral contusion are likely to have tSAH that is associated with a worse outcome [2, 5, 6] . Our patients with tSAH also had worse outcomes compared with those without tSAH. Traumatic intraventricular hemorrhage (tIVH), a serious type of tSAH, was more common in our series. With an incidence of 8% it is higher than what was previously reported [7] . This is also associated with higher morbidity and mortality. tIVH was considered to be an independent predictor in previous studies [8] and not only caused by the association to other predictors [9] [10] [11] . However, the mechanisms by which tSAH has an additional negative effect on patient outcomes are poorly understood. Whether the relationship of tSAH with poor outcome in TBI is merely an epiphenomenon or the result of some direct cause is unclear. Some investigators believe that tSAH is merely a part of an otherwise severe TBI [12] , while others argue that it directly causes additional independent adverse reactions such as vasospasm and ischemia [13] . Chieregato et al. [14] evaluated 141 patients with a CT diagnosis of tSAH to determine whether the amount of subarachnoid blood and the presence of associated parenchymal damage are powerful independent factors associated with poor outcomes. At the present time, no proven treatment regimen aimed specifically at decreasing the detrimental effects of tSAH is known. Calcium channel blockers were thought to control vasospasm, but two large randomized controlled trials showed only a modest increase in the proportion of favorable outcomes in patients with severe head injury treated with nimodipine [15, 16] . After re-analysis, it was concluded that the overall benefit of treating unselected head injured patients with nimodipine is unlikely to be clinically relevant [17] . Given that Armin et al. [18] had concluded that tSAH might primarily be an early indicator of associated and evolving brain injuries, vigilant diagnostic surveillance including serial head CT and prevention of secondary brain damage owing to hypotension, hypoxia and intracranial hypertension might be more cost-effective than attempting to treat potential adverse sequelae associated with tSAH.
At present, the Marshall CT system for classification of TBI is the most commonly used approach for evaluating head trauma, and it is helpful for neurosurgeons to predict outcomes [19] . Although several other classification systems have been developed, the Marshall CT system is still the most commonly used because of its simplicity. This system has provided important information even without inclusion of tSAH. According to Fisher's grading criteria based on CT scans, which is used as a grading system for patients with tSAH [20] , prognosis is poor among patients with large clots or a thick layer of SAH, and with significant ICH or IVH [6] . In this study, we analyzed whether tSAH would influence the outcome of different types patients according to the Marshall CT system. Our findings showed that, in patients with localized injury, tSAH shows a negative effect on outcome. We therefore recommend including tSAH in the Marshall CT system. CT grading, the average grade of the Marshall CT classification; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale; M/F (n), the number of male and female; Operation (n), the number of patients with operations; tSAH, traumatic subarachnoid hemorrhage. 
Conclusion
Our findings show that patients with tSAH had worse outcomes compared with those without tSAH. When an analysis of the influence of tSAH on the outcomes of patients with different types of head trauma was performed, it was found that patients without tSAH had better outcomes compared with those with tSAH in a group of patients with localized injury. Although the Marshall CT system for classification has included most important independent prognostic variables, we recommend that tSAH be added, at least for those with localized injuries.
